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Although  rah  research  has  been  devoted  to  the  offset  of  surface  condi- 
tions on  the  mechanical  proportion  of  metal  single  crystals,  the  question  of 
sise  effect  with  and  without  surface  film  has  been  rather  sparsely  considered 


icofap l Mgnfaji T».  The  Griffith  or^sh  ti 
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ing  slse  offset  In  glass  and,-,  before  the  advent  of  dislocation  theory* 

considered  adequate  in  explaining  also  effect  in  netale.  The  emeses  of  the 

dislocation  theory  in  explaining*  as  mg  other  phenomena*  the  low  Tales  of 

yield  stress*  as  compared  with  the  theoretical  strength*  has  displaoed  the 

Griffith  crack  theory  an  applied  to  Metals. 

Very  good  reviews  of  the  effect  of  efface  conditions  on  properties  of 

natal  crystals  exist:  among  these  the  re««n t "Sycpoaivw  on  Properties  of 

Metallic  Surfaces"  of  the  Institute  of  Metals'  ' and  tha  compilation  by 
(3) 

Brown  should  ba  noted.  Of  the  research  on  siae  effect  in  single  crystals* 

perhaps  one  of  the  earliest  was  that  of  Qno^  who  pulled  single  crystals  of 

fg) 

aluminum  of  carious  sixes.  Later  work  by  Maddln  and  Hibbard*'"  on  alpha 

n 

brass  single  crystals  was  incomplete  sines  tha  crystals  waried  free  13  am. 
to  only  3 am.  on  an  edge.  Despite  the  insufficient  variation  in  cross -section, 
a small  site  effect  was  noted*  More  recently*  Hakia^  attended  single 
crystals  of  oadmium*  both  clean  and  oxidised*  from  1.1  to  0.025  am.  In-  diameter. 
Here  a definite  sise  effect  was  noted  both  for  the  clean  and  for  the  oxidised 


crystals. 
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Since  seeding  techniques  for  growing  crystals  here  provided  relatively 
easy-  methods  for  growing  different  else  crystals  with  the  seas  orientation, 
it  was  considered  desirable  to  investigate  the  effeot  of  slae  end  its 
relation  to  the  shear  along  glide  planes. 

mcpganggffAL  retvrows 

Large  Speolaens 

Aluminum,  99*997  per  cent  pure,  supplied  through  the  courtesy  of  the 
Aluminum  Company  of  Arvorica  was  converted  into  single  crystals  12  inches 
long  by  l/i6  inch  square  up  to  10/16  inch  square  in  l/l6  inch  Intervale  having 
the  sane  orientation.  Tbs  sold  consisted  of  a sectioned  high-peri ty  graphite 
rod  in  which  there  were  milled  ten  square  boles  with  a ooamsa  sisSc  at  the 
bottom  of  the  assembly.  Molten  aluminum  at  870°C  was  poured  into  the  mold 
held  at  the  same  temperature  and  cooled  from  the  bottom  by  means  of  a cool- 
ing block. 

The  rods  were  etched  in  Aqua  Regia,  cut  into  six  inch  lengths  and  x-raysd 
to  daier-alne  their  orientation.  Only  those  with  identical  orientations  wore 
chosen  for  the  tensile  tests.  The  center  three  inoh  section  of  each  specimen 
was  mechanically  polished  through  bOO  emery,  etched  and  homogenised  for  2b 
hours  at  600°C.  Following  the  homogenisation  treatment,  they  were  eleotro- 
lytldelly  polished  (It 2 HNO^  - CH^OH  solution)  and  finally  chemically  polished 
for  15  minutes  in  ALCOA  R-5  bright  dip.  All  dimensioning  of  oroes-eections 
was  made  just  prior  to  the  last  five  minute  bright,  dip. 

An  edge  of  each  of  the  specimens  to  be  tested  was  fitted  with  a Baldwin 
SR-4j  type  A -6  strain  gage  held  with  Duoo  cement j the  speolaens  were  .pulled 
to  a constant  stress  of  580  pel  (Is  11  g/nm^)  in  an  Olsen  Flastirersal  aaohlna 
at  a strain  rate  of  0,005  per  ssccnd. 

Interferometric  measurements  of  shear  were  made  on  two  adjacent  sides 
of  the  specimens  from  representative  interferograss.  Slip  lina  counts  were 


■ado  at  z 200  and  mvmr&gmd  from  •»  least  three  individual  counts  on 
adjacent  faces  on  each  specimen* 

Sill  Speoiaeng 

Because  of  the  ease  with  which  snail  diameter  single  crystals  sf 
aluminum  say  be  daaaged*  it  was  neeeeaarj  to  use  a special  apparatus 
to  determine  the  "yield"*  A sketch  of  the  apparatus  la  shewn  in  Fig*  1* 
The  specimen  mss  allowed  to  slide  in  a slotted  bakslite  block*  0ns  end 
of  the  anacim  was  polished  down  to  a small  disaster  and  soldered  in 
place  inside  a drllled-ont  soldaring  pencil*  A spring  bosk  clasped  to 
the  other  end*  was  connected  to  a string  from  which  & connected  pan 
could  be  loaded  with  weights*  The  assembly  was  mounted  on  the  stage 
of  a microscope*  Motion  of  the  specimen  was  asarured  with  a calibrated 
eye  piece? 

The  eaall  specimens  were  prepared  by  electrolytically  polishing  a 
l/l6  inch  square  single  crystal  down  to  the  desired  diaaeteg  (frea  ?0 
to  1*00  microns)*  after  which  they  were  bright  dipped  from  $ to  15 
minutes*  The  polishing  oaused  the  specimens  to  as  suae  a necked  appear- 
ance aS  shown  in  Fig*  1*  The  mini  ana  disaster  of  the  neck  was  measured 
in  two  positions  at  right  angles  to  each  other  and  the  average  used  to 
compute  the  crocs  sectional  area. 

The  use  of  necked  specimens  has  sons  disadvantages  but  there  was 
no  staple  way  to  secure  a specimen  of  uniform  cross  sectional  area  in 
the  rang*  KT3*  to  10 ”2  sa?  while  still  asking  use  of  the  l/L6  inch 
square  crystal  whose  orientation  was  the  same  as  that  of  the  larger 
crystals.  The  frlotlon  of  the  apparatus  could  be  determined  after  the 
specimen  had  fractured* 


Results 

The  series  of  large  crystals  designated  as  MPwerw  extended  at  a constant 

**  . £ 

strain  rate  of  0.005  per  second  to  a constant  stress  of  580  pel  (iiU  ga/mm). 

The  Series  of  atress-s train  curves  Is  shown  in  Pig*.  2.  Since  no  sharp  yield 
was  noted  for  these  crystals  an  arbitrary  "yield"  was  defined  as  the  projeo- 
tion  of  the  linear  seotion  in  the  plastio  region  back  to  an  intersection  with 
the  ordinate.  In  the  oaae  of  specimen  me  3A6  shioh  was  not  extended  well 
into  the  plastio  region,  the  stress-strain  curve  was  extrapolated  somewhat. 

The  uncertainty  of  the  yield  point  for  VP  3/L6  ia  consequently  greater  than 
for  this  other  large  specimens.  If  one  makes  the  assumption  that  the  slopes 
of  the  linear  portions  of  the  stress-strain  curves  is  the  pla-tic  region  are 
all  about  the  earns,  then  it  is  dear  that  the  "yield  stress"  of  IIP  3A6  is 
greater  than  that  of  the  other  large  specimens.  The  difference  ia  the  cacnst 
of  elongation  as  compared  with  the  else  of  the  specimen  is  particularly 
interesting  In  that  it  agrees  qualitatively  with  the  earlier  observations  on 
alpha  brass 

For  -toe  small  naoked  specimens  the  stress  is  greatest  at  the  neok  and 
the  strain  consequently  varies  along  the  specimen  axis.  It  is  not  possible 
to  relate  the  extension  observed  at  a given  load  to  the  strain  at  a certain 
position  in  the  specimen  without  a detailed  knowledge  of  tbs  specimen  shape 
and  sens  involved  calculations.  Therefore  only  load-extension  data  are 
plotted  for  these  specimens  * The  linear  portion  of  the  load-extension  ourrb 
is  projected  back  to  the  ordinate  and  this  loud  divided  by  the  minimum  emz. 
at  the  neck  before  loading  is  taken  to  be  the  "yield  stress".  Figs,  h,  5 sad 
6 are  the  load-extension  curves  for  the  small  specimens  used.  The  uncertainty 
of  "yield  stress*  for  these  small,  specimens  is  estimated  to  be  £ 10%  due  to 
lack  of  precise  knowledge  of  the  arose  ssotional  shape. 


Table  I gives  ibs  stress  at  "yield"  for  tbs  various  8 pe olsens, 
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Speo.  Wo. 

Stress  at  "Held" 
gmA-? 

Bssolvsd  Stress 
ga/sm2  ; 

"3 

IIP  1/2 

205 

98.5 

12*8 

vp  5A6 

282 

136 

55.6 

vp  lA 

322 

155 

33 

HP  3/16 

ljOO 

192 

20.8 

10-* 

1600 

73? 

0.16 

10-8 

3300 

11*80 

0.036 

vwr 

3t00 

1660 

0.026 

Pig.  7 is  a plot  of  tbs  log  of  the  yield  stress  versus  tbs  log  of  tbs 
cross  sectional  area*  Within  the  accuracy  of  tbs  measurements,  the  "yield 
stress"  is  inversely  proportional  to  tbs  l/3  power  of  the  area*  Initial 
orientations  of  the  spmjimans  extended  are  shewn  in  Fig*  8. 

The  number  of  slip  bands  was  counted  os  adjacent  faces  opposite  tbs 
attain  g«ga  for  the  gaga  length  of  l/8"  and  also  1/8"  on  either  side  of  tbs 
gage  length*  The  average  from  a minimum  of  three  counts  was  recorded.  The 
average  shear  height,  a,  was  determined  by  interferometric  techniques  and 
from  this  h,  the  contribution  of  tbs  band  to  tbs  elongaties*  «as  calculated. 
The  total  elongation  measured  interferometrically  is  the  product  of  the 
average  number  of  slip  bands  by  the  average  contribution  of  a slip  band  to 
the  elongation.  Table  II  compares  the  interferometrically  measured  elonga- 
tion A li  with  the  strain  gags  measured  elongation  for  various  sited 
specimens  all  pulled  to  constant  stress. 


Spec.  No* 

Average  Mo*  of 

TABLE  H 
Average 

b 

A 1 

Slip  Band*  per 

Shear  Height 

• 

o' 

0* 

I/O* 

»<A) 

A 

A 

A 

3/16 

57  ; " 

536 

52H 

29600 

Uloo 

1A 

B 

5U0 

530 

25500 

15000 

5A6 

(SX 

520 

510 

30900 

35000 

1/2 

; / 57 

U55 

hSO 

25600 

38800 

Discussion 

The  data  In  Table  I seam  to  indicate  that  a also  effect  in  yield  strength 
exists*  Hcnrever,  the  data  should  be  considered  tentative  for  there  are  several 
effects  -whose  importance  has  not  as  yet  boon  ascertained  that  sight  cans# 
much  of  the  effect  to  disappear.  For  the  large  specimens,  strain  was  measured 
by  meant  of  a resistance  type  strain  gage  which  was  oemented  to  the  crystal 
surface*  (The  gage  has  a paper  base  to  which  the  resistance  wire  is  bonded). 
The  force  necessary  to  extend  the  cemented  strain  gage  will  be  a relatively 
larger  fraction  of  the  applied  force  for  the  smaller  crystals.  The  cement 
might  also  act  as  a tough  skin  whioh  would  interfere  with  the  normal  gliding 
action  of  the  lamellae  during  deformation.  This  mould  raise  the  yield  strength 
as  the  fixed  area  of  the  gage  would  cover  more  of  the  surface  area  of  the 
small  crystals  than  of  the  large  ones* 

Another  question  about  the  data  obtained  on  the  series  of  large  crystals 
is  the  fast  that  only  the  two  largest  crystals  showed  the  samt  modulus  of 
elasticity  (19  x 10^  psi)  and  no  spvivissjfi  showed  the  correct  modulus*  Tbs 
two  other  crystals  Showed  craoh  lower  moduli i ? x 10^  pel  for  tbs  lA* 
crystal  and  5 x 10^  psl  for  the  3A6"  crystal.  Since  the  modulus  of  elasticity 
of  aluminum  varies  only  between  the  limits  of  6. lx  x 10^  and  7«7  x 10°  g/ta? 

(9.1  x 10^  end  1*09  r.  IQ?  psl)  regardless  of  orientation  according  to 
Barrett  ' ' ^ » a serious  systematic  error  in  the  experiment  is  indicated* 

Thera  Is  no  necessary  relationship  between  tec  failure  to  get  the  correct 


nodulue  of  elasticity  and  the  sl»  sffeat  of  yield  point,  bat  it  would  oer- 
taioly  bo  in  ardor  to  determine  tbo  cause  of  thim  rariation  of  tbe  moduli. 
Posaibly  an  error  in  tbe  strain  eoale  of  Fig*  2 exists* 

• * • . t t 

ha  mentioned  above,  the  use  of  necked  specimens  was  dictated  by 
neoesaity.  Tbe  eoet  aerioua  defeat  in  wing  neeked  specimens  probably  is 
the  rariation  of  shearing  a tress  along  the  slip  plana.  If  the  slip  plane . 
mikes  a rery  aoute  angle  with  tbe  stress  axle,  tbe  slip  plane  nay  bare  aom 
regions  of  rery  low  shearing  stress  and  other  regions  with  higu  shearing 
stress*  It  la  not  clear  bow  tbs  data  fro a moked  spec  Irons  relates  to  tbs 

• i 

data  from  specimens  with  unifora  oroes  asotion.  It  is  shewn  in  Appendix  1 
that  a par  aboil  o relationship  between  stress  and  strain  is  only  modified  by 
a constant  factor  when  dealing  with  necked  sped  wens.  However,  the  derivation 
applies  only  to  the  case  where  differential  voluwe  elements  oan  be  ooneidered 
to  be  uneonneoted  by  snob  large  eoale  weakneesee  aa  slip  planes*  In  other 
words,  tbe  derivation  would  apply  to  a rooked  polyorystallins  specimen  but 
not  to  a neeked  single  crystal  spec  iron. 

If  the  effects  of  the  cemented  strain  gage  prow  to  be  negligible,  tbe 
site  effect  in  yield  strength  is  of  somewhat  surprising  magnitude  in  -view  of 
tbs  results  of  other  investigator*^  Kafrin  studied  the  strength  of 

oadairo  crystals  from  1*1  mm  diameter  down  to  0*02£  mm  diameter,  both  with 
and  without  an  oxide  film.  Hie  results  are  shown  in  Fig*  7 and  apparently 
the  critical  shear  stress  is  independent  of  sise  above  0*7  a»  diameter. 

For  the  aluminum  crystals  reported  here,  there  is  a measurable  increase  in 
yield  stress  between  the  $/l6m  square  (8.9  aa)  and  tbe  l/2*  square  (12*8  ro) 
crystals*  The  critical  shear  stress  for  Hakim's  smallest  specimen  (0*02$  aa 
diameter)  is  only  a factor  of  3 of  so  times  that  of  the  largest  specimens, 
while  this  data  shows  a factor  of  18  fro*  tbe  smallest  (0*16  ro  dimeter)  to 
Uw  largest  (1/2”  square) . However,  cadkd.ua  has  a hexagonal  olosa-paokad 


structure,  ehile  alnlmn  has  a face  oeatered  ouhLa  atruoture?  and  om  should 
not  expect  Identical  behavior  both  metals. 

The  unavoidable  pretence  of  an  cad  do  boating  on  every  alaxlxna  specials 
lamediateiy  raises  the  question  of  horn  much  of  tho  apparent  Oise  effect  la 

4 

attributable  to  the  oxide  and  box  mob  to  the  alnsiom*  Alratnus  oxide  tea 
an  enormous  ooesprooeive  strength  (700  kg/mtP}  and,  if  Ite  tensile  strength 
is  at  all  of  the  earn  order  of  magnitude,  the  oxide  might  M expected  to 

i 

contribute  considerable  teneile  strength  to  a snail  specimen,  That  this  is 
unlikely  can  be  sham  by  a rough  calculation.  Aired  nan  grids  baa  a nodules 
of  elasticity  of  about  lb  x 10*  pel  (10?  ga/a*)}  end,  if  it  bee  a high 
yield  stress  in  tension  (say  10^  gm/n^),  the  yield  point  would  not  be  reached 
until  strains  of  the  order  of,  10T*  or  If.  At  strains  of  lcH*,  however,  the 
specimen  has  already  undergone  extensive  slip  mhieh  *»«ld  break  tho  oxide 
film  in  many  places. 

The  oxide  film  nay  have  an  Important  influence  by  acting  ee  a barrier 
to  the  nxmjment  of  dislocations.  In  order  to  oanse  a sins  effect  in  yield 
strength,  sox*  means  ootad  be  postulated  by  which  sore  dislocations  are  piled 
up  at  the  oxide  coating  of  a Isrse  crystal  than  for  a snail  crystal  for  a 
giTsr»  applied  stress.  Doubtlessly  many  mechanisms  oeaa  be  devised  to  accomplish 
this  end.  One  possibility  is  to  assess  that  there  is  a constant  density  of 
unlocked  dislocations  in  a crystal.  Under  an  applied  stress*  these  disloca- 
tions mould  more  to  the  oxide  barrier,  la  a large  crystal  there  mould  be  a 
greater  probability  of  getting  a large  number  of  die  locations  piled  up 
along  one  slip  plane}  and,  sines  the  9 in  S*  M «M  r locations  is 

n times  the  applied  stress,  the  large  crystals  might  be  expected  to  yield 
at  a lower  applied  stress.  Ascicar  possibility  of  piling  up  nor*  disloca- 
tions  at  tl*  surface  of  a crystal  is  w note  after  eott^'  the  length  of 


-9- 
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•Up  plana  available  for  storing  dislocations  la  larger  in  a large  speclaen 
thwei  in  a seall  erne,  on  the  ecvareg*>«  The  formula  of  Sabelby,  frank  and 
Wabirro^0^  given  the  at  resale*  dad  to  pile  up  a dislocations  against  * 
barrier*  The  n die locations  will  be  oonficod  to  a distance  L along  the 
•lip  plane* 

f = sjik. 

" rr<rk 

and  JU*  shear  Modulus,  b is  the  mrrgwr:»  vests?*  k ■ nuuerlaal  constant 
near  unit  y. 

for  a given  applied  ■ trass*  the  ratio  of  a to  L is  constant  rogardlem 
of  spec  loan  aiso.  Sieea  the  distance  I la  nor*  likely  to  be  largo  in  a 
largo  crystal*  a given  applied  stroee  will  pile  op  sore  dialooatlona  agaixat 
tha  oxide  barrier  in  a large  a pec  loan  on  tbs  average*  Mott  haa  shown^  that 
the  length  L to  bold  1000  dislocations  in  an  alvadmai  single  crystal  for  a 
typical  stress  ia  0,05  an  which  lnplirs  that  a alaa  affect  in  yield  strength 
is  possible  in  tha  .1  sa  to  1 ■ range*  This  second  mechanism  would  use  a 
frank-Jtead  source  to  generate  dislocations  and  wo  old  avoid  the  difficulties 
in  the  unlocked  dislocation  argument  in  getting  sufficient  numbers  of  dis- 
locations on  one  slip  plane  to  function  as  a large  stress  concentration 
factor*  In  view  of  the  uncertainty  of  the  data*  further  speculation  on  the 
sine  effect  in  yield  strength  serves  little  purpose* 

The  data  of  Table  II  are  difficult  to  understand.  Tbs  two  largest 
crystals  show  an  interferosmtrioally  Measured  elongation  41*  which  is  lees 
than  <3  1,*  the  elongation  deduced  froa  the  strain  gage.  This  is  reasonable 
sines  there  is  strong  evidence  to  support  the  hypothesis  of  fine  elip^^*^ 
i.e.*  slip  below  tha  Unit  of  resolution  of  the  Multiple  bees  Inter- 
ferometer and  the  electron  microscope.  (The  interferometer  used  can  detest 
differences  in  height  of  100  t or  sore)*  The  different  nethods  of  Measuring 
elongation  agree  within  15$  fa”  the  5A&"  crystal  end  35%  for  tbs  1/2* 


crystal . Thia  ia  in  qualitative  aooord  with  the  results  of  Wiladorf  and 
Kuhlaaa-Jtiisdcrf  who  found  10%  fine  slip  at  W stral rS^\ 

For  tbs  two  aeallor  crystals,  1/V*  and  3/l6*>  the  iBtetf»awtfM*Uy 
measured  elongation  is  greater  than  the  strain  gage  measured  elongation  and 
the  difference  is  not  «i  small  (1058  approx.)  effoot.  For  the  iA*  crystal 

A « « 

Alt  is  2980oTrhila  Al,  ia  3»100  1.  For  tba  3/l6"  crystal  i*  25500  I 
while  AXg  ia  15000  1.  At  present  no  explanation  Is  offered  for  this  seault. 
The  'experiment  should  be  repeated  with  a type  of  strain  gaga  which  causae 
mnoh  leas  interference. 
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APPBIDIX  I 

The  usual  practice  In  determining  t be  streee-ctraln  relations  hip  with 
the  t »•  of  4 specimen  of  uniform  aroe»-«ectioaai  eras  «ppss?w<l  toe  difficult 
to  apply  to  single  erwitals  ip,  the  100  to  ItOO  micron  diameter  range o The 
easiest  method  of  performing  the  experiments  appeared  to  be  the  one  ontlissd 
in  the  text  which  usee  necked  specimens*  The  question  immediately  arlees  as 
to  the  functional  relationship  between  street  and  strain  (or  load  and  extension) 
for  spsoimena  of  -varying  crosa-e  action  as  compared  to  that  for  a epee  Item  of 
uniform  arcss-eeotlon*  Zt  can  be  shown  that  for  a linear  stress-strain  relation- 
ship. the  load-extension  curve  of  a specimen  of  veering  cross-section  will 
also  bo  linear*  If  the  stress-strain  curve  has  a horizontal  portion  then  the 
load-extension  curve  of  a specimen  of  nen-urdfora  areas -section  will  not  show 
a horieontal  segment  unless  the  specimen  has  an  appreoiabls  length  of  oonstant 
cross -section.  The  stress-strain  curves  of  tbs  small  aluminum  crystals  show 
a parabolic  relationship  between  stress  and  strains,  i.e.  stress  is  porportiooal 
to  the  square  root  of  the  strain.  As  shown  below,  tbs  assumption  of  a para- 
bolic relationship  h* trees  stress  end  strain  produces  a parabolic  relationship 
between  load  and  extension  for  a necked  specimen* 

Consider  Me  appearance  of  a typical  specimen  as  shown  schematically  in 
Fig.  11.  Because  the  cross-sectional  areas  A-  and  Ag  mmy  from  tbs  neck  are 
$ 0 to  100  times  that  of  Aq,  the  area  of  the  neck,  it  may  he  assumed  that  the 
entire  extension  of  the  specimen  occurs  at  tbs  necked  portion  in  the  length 
forked  1©.  A fair  approximation  to  tbs  manner  in  which  the  radius  of  cross- 
section  at  tbs  neck  varies  along  the  speoimoa  axis  is  a hyperbola*  Fig.  12 
shows  the  range  or  shapes  encountered  in  these  experiments.  For  each 
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infinitesimal  length  of  specimen  dx  the  iin>>  will  a *«*Ouu 
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order  infinitesimal  increase  in  length  d x,  For  a parabolic  stress-strain 
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relationship  we  haw*  _ *x  Yj 

jjj~  ~ k''SxJ 


zi-nj(t=r(ii*t4V^ 


Jx*  , _£, 

3Fa 


The  total  change  lo  length  £L  wUl  be  the  mm  of  all  tbs  second  order  infinite-' 
sixain  or  sj  fF*j^ 
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„ /l  ^ — 
m*J&7, V7)1 

* #£*  tw^Jg  *~<»TE  te"^1 

where  x is  ons-balf  Lq,  the  necked  length.  Fig.  13  la  a plot  of  dl  for 
various  values  of  b«  For  t=o,  vwi  MjpwTwl»  daganaratee  into  a straight 
line  and  the  specimen  heooves  a cylinder.  It  ie  apparent  that  If  boa*  tb» 
half  length  of  the  specimen  x,  need  be  only  2a  In  order  that  the  total 
extension  at  a given  F be  within  a few  percent  of  the  total  extension  of  am 
infinite  length  hyperbolic  epeeinen  (at  the  ease  ?);  It  is  also  seen  bow 
awxh  leas  the  neoked  specimen  with  x*2a  will  dsforn  than  a oyllnder  of  the 
same  length  with  a aross-scotional  area  a2  (the  winlwras  area  of  the  neok). 

The  important  point  is  that  theses*  functional  relationship  will  be 
obtained  for  the  load  extension  o ureas  of  a specimen  of  uniform  oross-eeotlonal 
area  (b»e)  as  for  a neoked  speoiosn  (bffo)  except  for  a different  multiplioa- 
tion  constant.  This  is  lilts tratod  graphically  for  the  case  s»3,  b»*/2  in 
Fig.  Hu 

The  above  discussion  is  not  strictly  correct  because,  in  reality,  tbs 
lines  of  principal  stress  In  the  neoked  spec  Iran  are  not  parallel  to  one 
another  except  at  the  rddxrua  oroea-eeotion.  An  exact  treatment  using  lews 
of  elasticity  would  he  too  cumbersome  and  it  is  felt  that  the  correction  to  the 
above  formula  would  be  small.  At  large  x,  where  stress  lines  deviate  most 
from  par  alia  13  city,  the  total  extension  is  very  small. 
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FIGURES 


Pigrea  \ 
Figure  2 
Figure  3 

Figure  h 

Figure  5 

Figure  6 

Figure  7 
Figure  6 
Figure  9 
Figure  10 
Figure  11 
Figure  12 

Figure  13 


Sobssatio  Representation  of  Apparatus  used  to  measure  tfce  "yield1 
of  snail  specimens. 

Stress-Strain  Currse  t or  the  aeries  of  large  crystals.  All 
specimens  sere  stressed  to  the  same  value*  550  pel. 

Typical  Interfere gran  froa  surface  of  a large  specimen.  A 
lightly  silvered  segment  of  a sphere  Is  used  as  the  reference 
mirror. 

Load-Extension  Curve  for  Specimen  MMU  Average  diameter  at  nook 
* Ii$v  sImTSuS.  Ct  wsa^scatlocal  area  at  neok  » 0.1??  aa*" 

"Yield  Stress"  » TTl[$f  s 3 »/■■* 

Load-Extension  Curve  for  Specimen  lO-S.  Average  dimeter  at  ueok 
= 23J*  =iorcns.  Croas  sectional  area  at  nook  * 0.036  nor 
"Yield  Stress"  « 122  - 3300  ga/wm2 

•036 

Load-Extension  Curve  for  Speoinen  WO-F.  Average  diameter  at  neok 
- 160  microns.  Cross  seotional  area.at  neok  » 0,026  an* 

"Yield  Stress"  = - U600  gm/a*2 

Plot  of  log  "Yield  Stress*  against  log  of  Croas  seotional  area. 
Orientation  of  Specimen*. 

Data  obtained  by  Makin  on  Cadmium  crystals. 

Appear  anas  of  Typloa7  Smell  Specimen  after  Polishing. 

Range  of  neck  shapsa  approximated  by  hyperbolas. 

Plot,  showing  ;iow  necked  spec  mens  having  various  shapes  (See  Fig.  11) 
mould  elongate  at  a given  load.  The  curves  shorn  that  for  the 
hyperbolic  shapes  there  is  a maximum  elongation  regardless  of 
length  of  the  specimen. 

Curves  illustrating  that  the  functional  relationship  between  load 
and  elongation  is  not  changed  (except  for  a constant  factor)  when 
a necked  specimen  is  used  inutead  of  & speain»»  of  uniform  arose 
sectional  area. 
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EXTENSION,  10  UNITS 
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